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Cystic Fibrosis (CF) is the most common fatal autosomal recessive disease affecting 
Caucasian populations. CF has an incidence of 1 in 2 000 to 3 000 births depending on 
5 population group 1 and this indicates a carrier frequency of around 1 in 25 (i.e. 4% of the 
population). The prognosis for an affected child with CF is a median life expectancy 
currently estimated to be 40 years 2 . Since the discovery of the CFTR gene 3 over 600 CF 
associated mutations have been identified. The majority of these are presumed to be disease- 
causing but most are rare so many laboratories test for a limited number with an emphasis on 
1 0 those predominating in their local populations. 

Detection methods used to date have included DNA sequencing, DNA enzyme 
immunoassay (Sanguiolo et al, Int.J.Clin.Lab.Res., 1995, 25, 142-145), multiplex DGGE 
analysis (Costes et al, Hum.Mutat., 1993, 2, 185-191), and the use of the polymerase chain 
reaction (PCR) in conjunction with allele-specific oligonucleotide probes (PCR-ASO). 
15 In addition, ARMS is an established technique that enhances the utility of the PCR 

for the detection of mutations and other polymorphisms in DNA 4 (see our European Patent 
No. 0 332 435). ARMS also provides the means to distinguish between homozygotes and 
heterozygotes for any given allelic variation. The principle of the method is that under 
appropriate conditions an oligonucleotide which is not matched to target (genomic) DNA 
20 sequence at its 3'-end will not be extended by Tag DNA polymerase. The 3'-end of an ARMS 
primer therefore confers its allele-specificity. Hence, an ARMS product is only generated if 
the primer is complementary to its target at the 3'-end under the appropriate conditions. We 5 
and others 6 - 7 have described the use of ARMS to test for ^F508, the most common mutation 
of the CFTR gene 3 . We have also shown that four ARMS analyses can be performed 
25 simultaneously by multiplexing allele-specific primers 8 and our observations have been 

confirmed by Fortina et af . 

However the need still exists for further CF tests, in particular for rapid and reliable 
methods for the extensive investigations routinely performed in many laboratories. We have 
now devised and validated a two-tube multiplex ARMS test, hereinafter referred to as the 
30 CF(12)m test, which detects 12 of the most prevalent CF mutations 10 simultaneously. The 
CFTR gene mutations that are detected by the test are 1717-1G>A, G542X, W1282X, 
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N1303K, AF508, 3849+lOkb OT, 621+1 G>T, R553X, G551D, R117H, R1162X and 
R334W which are described in reference 10 and papers cited therein. The test also 
distinguishes between CF AF508 heterozygotes and homozygotes. The CF Genetic Analysis 
Consortium data 10 allows the minimum detection capability of the test to be calculated by 
5 country, as shown in Table 1 . Similarly calculated continental values are shown in Table 2. A 
further observation from these data is the very high minimum detection capability for 
Ashkenazic Jews which is calculated to be 95.4%. 

Therefore in a first aspect of the present invention we provide a method for detecting 
the presence or absence of twelve mutations in the cystic fibrosis transmembrane conductor 
10 regulator (CFTR) gene, which method comprises contacting sample genomic DNA from an 
individual in two separate reaction vessels with allele specific primer sets for (A) 1717-1 
G>A, G542X, W1282X, N1303K, AF508(M), 3849+10kb OT mutations and (B) the 621+1 
G>T, R553X, G55 ID, Rl 17H, Rl 162X and R334W mutations respectively, in the presence of 
appropriate nucleotide triphosphates and an agent for polymerisation, such that each 
15 diagnostic primer is extended only when the relevant mutation is present in the sample; and 
detecting the presence or absence of CFTR gene alleles by reference to the presence or 
absence of diagnostic primer extension product(s). 

Allele specific primer sets A and B as defined above represent further independent 

aspects of the invention. 

Advantageously, primer set B also includes an allele specific primer for the normal 
AF508 allele (AF508(N)), ie. DNA sequence unaffected by the AF508 mutation. 

The test sample of nucleic acid is conveniently extracted from a sample of blood, 
mouthwash or other body fluid from an individual. Also buccal-swab samples may be used. 
It will be appreciated that the test sample may equally be a nucleic acid sequence 
25 corresponding to the sequence in the test sample. That is to say that all or a part of the region 
in the sample nucleic acid may firstly be amplified using any convenient technique such as 
PCR before use in the method of the invention. The methods of the invention are 
conveniently effected using about 20-100 nanograms of template DNA. 

Any convenient enzyme for polymerisation may be used provided that it does not 
30 affect the ability of the DNA polymerase to discriminate between normal and mutant 
template sequences to any significant extent. Examples of convenient enzymes include 
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thermostable enzymes which have no significant 3'-5' exonuclease activity, for example Tag 
DNA polymerase, particularly "Ampli Taq Gold"™ DNA polymerase (PE Applied 
Biosystems), Stoffel fragment, or other appropriately N-terminal deleted modifications of 

Taq or Tth (Thermus thermophilus) DNA polymerases. 

We have now devised allele specific primers for the above CFTR gene mutations 

which have been shown, in primer sets A and B, to detect the specific mutations reliably and 

robustly. Therefore in further aspects of the invention we provide individual diagnostic 

primers and sets of diagnostic primers A and B as disclosed below: 




Tr.TTGGGATT CAATAAGT^TGCAACAG | CA 

^CTG^gTtT CTAATTTTCTATTT ITGGT 



TACTAAAAGTG 
AATTA 



a rSTT TCKlAGAG AAAGACAATATAGTTCTCT 
TGAtCACTCCACTGTTCATAGGGATCCATC 



itatp.TATATTCATCATAGGAAACACCATT 



ap.ATTTCCTTTCAGGGTGTCTGACTAA 



DNA sequence (5' to 3') 



rsTAT CTATATTCATCATAGGAAACACCACA 
Tnr. r.ATGGGGCCTGTGCAA GGAAGTATTGA 
A GC CTATGCCT AG ATAAAT CG C GAT AG ACT 

^«^-»-r^^-v a^ta atpaaa^^a ATP. ATC CTGT 



A GCCTATGCU I AbA ) AAA i v.,o qvj^ ■ ^-"^ • 

CCTATGCACTAATCAAAGGAATCATCCTGT . 

"nnTAAA GAAATTCTTGCTCGTTGTT 

GACTGACTG ACTG ACTG AC'l CTG ACTG AGTTATT 
^ a ^/M-r^r»TA a a n a A ATTr.TTfiCTG A 



Although the above primers have been optimised for use in the diagnostic methods of 
the invention, it will be appreciated that some modification of some or all of the above 
15 primers may be possible without adversely affecting their performance in the methods of the 
invention. Such modifications may be determined by the molecular biologist of ordinary skill 
in comparative experiments. Whilst we do not wish to be bound by theoretical 
considerations, in general 'one or more of the nucleotides at the 5' end of a primer, may be 
substituted for other (non-complementary) nucleotides, for example about 1 in 4, 1 in 5, hn 
20 6 1 in 7 such as 1 in 8, 1 in 9 or 1 in 10 of the nucleotides may be substituted. Nearer to the 
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3' end of the primer the scope for modification is more limited, within about six bases of the 
3' end, one or possibly two nucleotides may be substituted for other (non- complementary) 
nucleotides. The 3' terminal nucleotide of the primer should not be modified. 

Additions to and deletions from the above primer sequences are also possible 
5 but not preferred. Again a molecular biologist may perform comparative experiments 
to reveal what modifications are practicable within the scope of the present invention. 

The primers may be manufactured using any convenient method of synthesis. 
Examples of such methods may be found in standard textbooks, for example 
"Protocols For Oligonucleotides And Analogues: Synthesis And Properties, " Methods 
10 In Molecular Biology Series; Volume 20; Ed. Sudhir Agrawal, Humana ISBN: 0- 

89603-247-7; 1993; 1 st Edition. ^c^shc prvm-erS 

In many situations, it will be convenient to use the sets of^gnesties-pHmer of 
the invention in combination with further amplification primers in one or more cycles 
of PCR amplification. A convenient example of this aspect is set out in our European 
15 patent number EP-B1-0332435. The further (amplification) primer is either a forward 
or a reverse common primer. Hot-start PCR is conveniently employed. 

Preferred individual primers and sets of further primers are set out 

below. 





W1282X Reverse 



1717-1G>A/G542X Reverse 



N1303K Forward 



/EF508 Mutant Forward 



3849+ 1 Qkb OT Forward 



/EF508WT Forward 
621+1 G>T/R117j^rbrward 



R334W Rev 



G551D/ReS3X Forward 



20 



FU>62X Reverse 



/Q A^" "GAATTCCCAAACl I I IAGAGACATC 
* \ 4serr- a -tat^t a r^r a a ATrT^n ATAP.TA" 



15 v A 



TAATCTCTACCAAATCTGGATACTATACC 



AATTTGAGAGAACTTGATGGTAAGTACA 



P.CAGACTTCACTTCTAATGATGATTATGGG 



TT 



GTGGATCAAATTTCAGTTGACTTGTCATC 



GACT TCACTTCTAATGATGATTATGGGAGA 

fiTTTCACATAGTGTATGACCCTCTATATACACTCATT 



TTTGTTTATTGCTCCAAGAGAGTCATACCA 



TAAAATTGGAGCAATGTTGTTTTTGACC 



TTTTGCTGTGAGATCTTTGACAGTCATTT 



In a preferred aspect of the invention primer mixes A and B are provided which mixes 
A and B comprise both allele specific and amplification primers as follows: 
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Primer Mix A 



W1282X Forward 



W1282X Reverse 



1717-1G>A Forward 



G542X Forward 

1717-1G>A/G542X Reverse 



Allele 
specific 



N 



Tube 



DNA sequence (5* to 3') 



Y 
N 



T CTTGGGATTCAATAACTTTGCAAC^GTCA 
r.AATTnnC AAACl I I IAGAGACATC 

■ . - . A AT^T^T^ I I I I i 'T. 



TACTAAAAGTGACTCTQJ 

Ar;TTTG r.AGAGAA4GACAA rATAGTTCTC f 
t a AT r.TnTACe^AATCTGGA I A C I A I ACQ 
Tr-fl Tr.AP.T*£ACTGTTCA1 A GGGATCCATC 
-a a -r-rrrykri A C5 A AC.TTG ATGGTAAGT AC A 



VrmCTATTTTTGGT 




Any convenient control primer(s) may be used to confirm correct functioning of the 
PGR Two independent control reactions may be provided with each primer set. For 
5 example, one amplifies a region of the apolipoprotein (Apo B) gene, the other amplifies a 
region of the ornithine decarboxylase (ODC) gene. The Apo B reaction is designed to 
amplify less efficiently than the ARMS reactions ensuring that this control reaction wnl fail 
preferentially if PCR variables are not within the defined tolerances of the test. The Apo B 
control therefore safeguards against a false negative result if the test is performed under sub- 
1 0 optimal condition, Both control product bands are preferably present for a reliable d.agnos. 
to be made. 

Preferred control primers include one or moregf the following: 
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It will be appreciated that any of the primers set out hereinbefore may be modified as 
outlined in respect of primer sets A and B. 

A variety of methods may be used to detect the presence or absence of diagnostic 
primer extension products and/or amplification products. These win be apparent to the person 
5 skilled in the art of nucleic acid detection procedures. Preferred methods avoid me need for 
radiolabeled reagents. Particular detection methods include those which provide s,ze or 
sequence differentiation, preferably gel electrophoresis based method, For example, pnmer 
extension products are separated by agarose gel electrophoresis and visualised by efludmm 
bromide staining/uv tiansillumination. Individual mutations are conveniently identified by 
,0 size comparison of the products against an appropriate DNA ladder marker. Alternative 
detection methods include capillary zone electrophoresis (CZE). 

One or more of the diagnostic primer sets/mixes of the invention may be convemently 
packaged with instructions for use in the method of the invention and appropriate packagmg 
and sold as a kit. The kits will conveniently include one or more of the followng: 
, 5 corresponding amplification primers, appropriate nucleotide triphosphates, for example dATP, 
dCTP, dOTP, dTTP, a suitable polymerase as previously described, and optinused buffer 

solution. . 

A preferred kit of the invention comprises primer mixes A and B (as defined above) m 
separate containers, taq DNA polymerase (preferably Amplita, Gold), and optimised enzyme 

20 dilution buffer. . 

The invention will now be illustrated but not limited by reference to the following 

detailed description, References, Examples, Tables and Figures wherein 

Tablei shows the minimum detection capabilities of the CF(12)m ARMS test; 
average figures for countries testing >100 chromosomes 10 . 
25 Tablei shows the minimum detection capabilities of the CF(12)m ARMS test; 

analysis by continent derived from data in reference 10. Empty cells indicate that not all 
centres screened for each mutation detected by the test; therefore the actual detection 
capabilities for some mutations may be higher. 

Table 3 shows the analysis of the 754 chromosomes tested. 'Confirmatory typing as 
30 detailed in references cited within reference 10; ASO, Allele-specific oligonucleotide 
hybridisation. 
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Table 4 shows primer sequences used in the CF(12)m ARMS test. 

Figurel shows a diagramatic representation of electrophoretic mobilities of ARMS, 
control and size marker gel band, The respective ARMS and control bands are labelled, all 
band sizes (bp) are shown in parentheses. The 250 bp marker band (hatched) is more intense 
to provide a reference position on the gels. In samples which do not contain any of the 
notations detected by the test, only the Apo B and ODC control bands (both tubes) and 
AF508 normal band (B-tube) will be visible, these are shown shaded. 
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F.xample 1 

For clinical applications it is essential that the results obtained using PCR 
25 based tests are both reliab.e and reproducible. ,t is generally understood ma, the efficiency of 
PCR can be affected by a number of variables and it is important to understand winch ones 
might affect test performance. We have therefore investigated the effects of changes of 
primer DNA template and Too DNA polymerase concentrations and of PCR anneahng 
temperature, These studies have defined tire conditions under which neither false posttwe 
30 nor false negative results are produced even if the test is performed under sub-optimal 



70308 



-9- 



conditions. We have unequivocally typed DNA samples that were obtained from different 
laboratories and that were prepared by a variety of methods. 



Methods 



5 DNA samples 

The panel of samples was selected to include normal DNAs, DNA from CF AF508 
homozygotes and several examples of each mutation for which the test was designed to 
detect All DNA samples were prepared from EDTA/blood. DNA samples from external 
sources were prepared and typed independently using standard recognised procedures and 
10 typed by the methods outlined in table 3. DNA samples from CF unaffected individuals were 
prepared as described previously 8 . 

Primer design 

In designing the ARMS primers it was important to ensure that a false result could not 
1 5 arise due to other DNA sequence variations at the same site or in the vicinity of the mutations 
tested for. For example, AF508 and non-AF508 alleles should not be confused for either the 
mutant AI507, or the benign F508C alleles. This discrimination was achieved after particular 
consideration and the appropriate choice of orientation of each primer with respect to the 
direction of transcription of the CFTR gene. Careful attention was also given to the inclusion 
20 of additional base-pair mismatches between each primer and the genomic DNA sequence and 
also the length and concentration of each primer. In combining primers for multiplex 
analysis, many primers are included in one reaction mix. It was therefore necessary to 
minimise any primer interactions that might affect the test performance. The ARMS pnmer 
sequences are shown in Table 4. 

25 

Test design 

The CF(12)m test consists of two tubes, the A and the B tube. The A tube contains 
ARMS primers specific for the 1717-lOA. G542X, W1282X,N1303K, AF508, and 
3849+10kb OT mutations. The B tube contains ARMS primers specific for the 621+1 G>T, 
30 R553X, G55 ID, Rl 17H, Rl 162X and R334W mutations. The B tube also contains an 
ARMS primer specific for the normal AF508 allele. There are also two control reactions in 
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each tube. One amplifies a region of ,he apoUpoprotein (Apo B) gene, the other amphfies a 
region of the ornithine decarboxylase (ODC) gene. The Apo B reaction is designed to 
amplify less efficiently than the ARMS reactions ensuring tha, this control reaction wul fa.1 
preferentially if PCR variables are not within the defined tolerances of the test. The Apo B 
5 control therefore safeguards against a false negative result if the test is performed under sub- 
optimal conditions. Both control product bands should be present for a reliab.e diagnoses to 
be made The concentrations of the component ARMS primers in each tube were adjusted to 
amplify their respective targets with eoual efficiency. The primer DNA sequences are show, 
in Table 4. The remaining constituents of each tube comprise ARMS buffer; lOmM Tns- 
10 „C1 (pH 8.3) 1.2mM MgCl 2 , 50mM KC1, 0.01% gelatin, dNTPs (lOOuM each). Oenomrc 
DNA and Ta q or AmpMaa Gold DNA polymerase are added a. me start of the test. 
The CF(12)m test output is shown (Figure 1) 



Test method 

15 The test is performed by adding genomic DNA prepared from EDT A/blood to each 

tube which is men heated a. 94<C, 5 minutes. Too DNA polymerase (2.5 units) is added to 
each tube, whilst maintaining the temperature at 94°C, and thermal cycling (35 cycles of 
94-C 1 minute; 58°C, 2 minutes; 72°C, 1 minute with a final extension at 72«C. 10 mmutes) 
is initiated. Alternatively, bom AmpUm Ga, d DNA polymerase (2.5 units) and genom.c 

20 DNA prepared from EDT A/blood are added to each tube and thermal cycling (as descnbed 
above) initiated following a 94°C, 20 minutes incubation during which me DNA polymerase 

is activated. m . 

The amplification products are separated by agarose gel electrophoresrs agams. a 50 
base-pair DNA ladder marker (Pharmacia Biotech) and visualised by UV transillumination. 
25 All procedures generally accepted for avoiding PCR carry-over contamination" were 

employed during the development and validation of the test and are recommended when usmg 
the test The presence of the control products and a specific ARMS product, defined by 
eleetrophoretic mobility, is diagnostic of the presence of me respective — allele and/or 
normal AF508 allele (Figure 1). 

30 
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Results 

Test performance: 

A series of experiments was performed to determine the tolerance of the CF(12)m 
ARMS test system to the variation of primer concentrations, annealing temperatures, Ta„ or 

5 A m plUa q GoU DNA polymerase concentration, the input DNA amount and the method of rts 
extraction. This served to demonstrate the permissible limits of each test variable and to 
confirm tha, a Wresulf or test fail, rather man an incorrect result was observed should any 
variable fall outside defined tolerances. The CF(12)m test was functional a. + /-2 «C of the 
standard annealing temperature (58 =C) Under sub-optimal conditions (3 «C above the 

,0 standardtempera^alldiagnosticproductbandswerevisMebutmcuppercontrolproduc, 

band was absent. This feature of the test prevents the occurrence of false negative results due 
to operation a, higher temperatures, since bom control product bands must be present to make 
a diagnosis. The results demonsttate that the test remains functional over a broad range of 
annealing temperatures. The effects of the primer, To, or Arn P U m GoW DNA polymerase 
,5 and DNA concentrations were assessed in an analogous manner. This defined the respecttve 
windows within which both of the control bands and each mutation-specific band was 

appropriately generated. 

383 DNA samples prepared from EDTA/blood were analysed using the CF(12)m test, 
and 377 gave results in agreement with those obtained independently. Six samples (1 .57%) 
20 were no. scored due to the absence of one or bom control bands. These were all archival 
samples known to be of low concentration and degradation of these samples could not be 
eliminated. Where rare non-AF508 compound heterozygo.es have been obtained (3849 + 10kb 
OT/W1282X; 3849 + 10kb OT/0542X; G542X/N1303K; G542X/W1282X; G551D/R553X; 
N1303K/1717-1OA; G542X /,717-lOA; N1303K/W1282X; R553X/R334W) and 
25 analysed, bom mutations were correctly identified. Similarly, all AF508 compound 
heterozygotes were correctly typed. We also observed mat there was no mistypmg when 
AI5D7 1717-2A>G, R1283M, R117C, 3617G/T, 621 + 2T>C or F50SC alleles were present. 
These data demonstiate that, for the clinical materia, available to us, one allele does no, fa,l to 
amplify when combined with another in the same ARMS tube and mat one allele does not 
30 give rise to artefactual products derived from alternative allele-specific primer, Table 3 
provides an analysis of the 754 chromosomes typed using CF(12)m ARMS test. 
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Early diagnosis followed by expert management has resulted in an improved 
prognosis for CF patients. This has led to the evaluation of neonatal screening protocols for 
CF There is also a common objective of identifying carriers and ultimately those couples 
wh „ are a, risk of having a child affected with CF ma, is shared by -Active cascade 

5 -Couple-- - and Two sKp' or 'Stepwise < screening protocol, 1, has also been htghltgh, d 

th*, mere are risks associated with ,„ fertilisation. Up to ten offspring 
by one sperm donor. If a donor is a CF carrier mere will be a higher than normal chance fa, 
le as< one of the offspring being affected by the disease. For this reason i, was recommended 
matsperm donors s ho„,d be routinely tested for mu,ations m the CFTR gene" The pnma, 
,0 apphcation of the CF ( 12)m test is screening individuals who may be earners of one f the CF 
miens 17,7-,G>A, G542X, W1282X.N1303K, AF508, 3849 + 10kb OT. 62H1 OT, 
R553X G551D, R117H, Rl 162X and R334W, the most common CF mutahons m 
Caucasians and Ashkena* ,ew, In Europe, CF individuals who are „on-AF508 CF 
compound heteroses are rare. As a conscience i, has not been posstble to ana,yse for all 
„ mutations in combination in the same test. However, nine compound heteroses have 
heen sourced and analysed. In each of these cases and in all AF508 CF compound 
neterozygotes bom mutations were correctly identified clearly demonstrating the dtagnosuc 

value of the test. . 

There is a clear difficulty in distinguishing particular alleles in the roufne genettc 
2 „ screening laboratory" Cuppens and Cassiman demonstrated tha, 12,% o, : lahontories 
mistyped the F508C polymorphism as a true mutation and that 12,% confused *e 
mutation for AF508" One conclusion of tha. study was that the accuracy of CFTR typing 
should be improved". The CF(12)m test was designed such tha, a false result does notanse 
because of othe, DNA sconce variations in the vicinity of the mutations tested fo, Thts 
25 was achieved through the design and choice of transcriptional orientation of each resp*ct,ve 
ARMS prime. The CF(12)m test accurately discriminates between AF508 and non-AF508 
aUeles which are in turn distinguished from me mutant A1507 and the benign F508C 
a„ele,This addresses the the problems associated with typing particular alleles .denhfied y 
Cuppens and Cassiman. Furthermore, findings from another study", that compared mulfplex 
30 ARMS screening for the AF508, G55, D , G542X and 62, + l G>T alleles' ^«~*> 
routine procedures for me same alleles were mat multiplex ARMS was the prefered method. 
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Standardisation of all ,es« procedures and indentation of appropriate ouahty 
eontro, measures can control for some tes, variables and i, is important to understand whrch 
ones are E* to affect tes, performance. The sealing temperature is one key parameter 
which can affect the performance of any PCR or ARMS reaction. If the reaction temperature 
5 talis below the required annealing temperature it is likely that reaction specificity wtll be 
affected. Similar*, if the sealing temperature is higher man tha, required tire effictency 
, he ARMS reaction tnay be reduced resulting in PCR failure. There is expected to be some 
degree of variability between the temperature accuracy and uniformity exhibrted by different 
thermal cyclers. We therefore esurblished the temperature range within which aU the 
10 component reactions of the tes, would taction (a, leas, + /-2 °C>. AH thermal cyclers 
currently available commercially are claimed by the requisite manufacturer to have a 
temperature accuracy of + M < or better. We have similarly determined the range wtthm 
which other parameters can vary without adverse* affecting tes, function. In 
we have es,ablished the tolerances within which the ki, must be assembled. The two key 
, 5 variables that can be influenced by tire ki. user are the annealing temperature of tire ARMS 
reaction and ,he amoun, of the Taq DNA polymerase added to individual reaction mrxes. We 
have addressed the function of the test when the upper and lower limits of tirese vanables are 
applied in concert. From these studies, even with low enzyme and high anneahng 
temperature and vice versa, the control amphcons are produced and tire tes, does not gtve 
2 0 false results using our panel of DNAs. We tirerefore conclude tira, me CF(12>- tes, - 

reliable and robus, and is unaffec,ed by externa, variations so long as the ki, instructions and 
recommendations are adhered to. If a reaction should fail for any other reason tha, ,s not 
addressed by the parameters investigated herein, a misdiagnosis would still not occur smce a 
control amplicon would be eliminated prior to any ARMS amplicon. This feature emphastses 
2S tire importance of tire internal contiols and their role in avoiding misdiagnoses. There were 
six archival DNA samples tha, failed to produce one or bo* control bands, these may have 
been degraded and they were no, scored. Because tire CF(12)m tes, is primarily a screening 
tes, by implication DNA used in tire tes, will be freshly prepared. The age and degradation of 
a sample is tirerefore no, believed to be a problem during tire tesf s routine application. 



30 
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F.xample 2 

Forty DNA samples from thirty nine previously genotyped cystic ftbrosts (CF) 
patients or carriers and one unaffected individual were evaluated independent* in a bl.nd 

5 study by two genetic testing laboratories involved in CF molecular diagnosts performs 
diagnoses per year combined. The CFC^m ki, uses multiplexed ampliation refractory 
.uutation system (ARMS™) technology which allows the simultan eous identifrca non o me 
more prevalent CFTR gene mutations' ,717-lOA. G542X, W.282X, N1303K, AF508 
3S4O +1 0kb OT, 62H. G>T, R553X, G551D, Rl 17H, R1162X and R334W m one workmg 

10 day. The kit was found to be accurate and reliable. 



Methods 

^Forty DNA samples from CF patients or carriers and an unaffected individual were 
,5 typed. The reference method for DNA typing was the analysis of the 27 exons and the intron- 
L» boundaries of the CFTR gene as described previous!/. Six further samples beanng the 
A1507 R117C, R347H, Dl 152H and R117P mutations and one bearing the 1540A->G 
polymorphism, no, detectable with the CF(12,m kit, were also tested to evaluate cross 
reactivity. Whole blood had been stored a, -20.C prior to CF(12)m kit analysis. 

20 

DNA analysis using CF(12)m kits 

DNA was extracted from thawed blood and analysed. After DNA amphficafon the 
reaction mixtures were separated by agarose ge, electrophoresis to reveal the diagnostic and 
amplification control DNA fragments 3 . 

25 

Results 

The extraction often blood samples could be completed in half a day. DNA was 
successfully amplified from all samples, however, one remained dark brown after washing 
and could no, be ampHfied initially. This DNA was diluted ten fold after whtch * amphfied 

30 successfully. 
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AU samples were analysed in both laboratories. In one lab one sample remnred a 
repea. analysis because of me absence of a eon.ro, DNA fragment One samp.e, different rn 
eaeh lab (see Tab,e 1), was no. interpreted even after rea.nplifea.ion. In lab 1 samp e s,x ha 
an al.e!e earrying the 17,7-,G->A mutation which was ampUfied only a, a low .evel. In lab 
5 sample 26 showed no amplification contro! band and no mutant ARMS products. 

As expected, the mutations 2789 +5 0->A, 2n6insC, 1078delT and S1235R and the 
polymorphisms 875 + 40A/O and 2694A/C identified by the reference method were no. 
de.ec.ed by the kit nenher were mey erroneously .yped. This was also found for the AH07, 
R117C R347H D1152H,R117P 1540A->G samples [data not shown]. None of the CF 
10 mutations detectable by .he ki. were incorrectly identified as other mutations. 

In all cases with .he exception of samples six and 26 where one or more of the 12 
mutations detected by me ki. were present, the kit accuracy identified them. When compared 
.„ the reference method the ki, detected the same mutations in 34 of the 40 samples (85 /.) 
(see Table 1). Four samples carried a rarer mutation mat is no. de.ec.ed by <he kit Two other 
,5 samples were from patients homozygous for me W1282X and 0542X mutations. Figure 1 
shows a result typical of those produced using the CF(12)m kit. 

The CF(12)m kit, uses multiplex ARMS technology which is extremely rapid and 
a,lows the screening of a. leas, ten samples for 12 CFTR mucous in a working day. A major 
20 feature of the ki, merefore is the speed wim which the resu,ts are delivered. This allows the 
moratory staff to undertake additional activities and it increases sample throughput We 
found the ki. to be reliable and accurate after evaluating it in a blind study in two independent 
laboratories both of which are experienced in CF molecular diagnostic, The results obtatned 
were in accordance with those described by the manufacturer and demonstrated a first tune 

25 amplification success rate of 97%. 

,„ one laboratory, the absence or low level of the amplification contn,! DNA fragment 
was observed and this was improved by the analysis of small batches of samples. Th,s 
probably reflects reduced denaturanon of me DNA polymerase during the hot-aar. prior to 
mermal cycling. To achieve consis,e„,ly reliable results we found ma. s<nc, adherence .o d. 
30 prcocols was reauired. The con.ro, DNA fragment should be visible roudnely ,o avord me 
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risk of getting a false negative result. The absence of the upper control fragment* 
junction with no mutant ahele ampiicons indicate that a repeat test is requtred. 

The 12 mutations that the CF(12)m kit can detect are among the most frequent 
observed in European populations. The diagnostic power of the test, depending on the 
5 population under study has been calculated. In the French population general,,, 78. A« CF 

M laboratories. Thi. seems satisfactory as screening for very rare mutations does no, 
significantly increase the detection frequency of CF chromosomes. 

A potential limitation of tire CF(12)m ki, is tha, it does no. dtstingutsh between 

the rarer mutations arc usually encountered infrequently, this character^ of the krt must be 

the ki, does no, differentiate between one or «wo mutated alleles excep, for tire AF508 

15 mUtatfo The identification of mutations in tire CFTR gene is required primarily in patients 
suspected of suffering from CF «d is import for genetic counsel in me patient amdy. 
The CF(12)m ki. is useful in tins case for firs, tine screening and can be complemented y 

20 thecalculationbyBayesiananalysisofthepostcriorriskofan-atriskindrndual ,wr,ha 

with a family his,„ry of CF where affec,ed or obligate heterozygous individuals are no, 

available for mutation typing. articular 
The CF(,2)m ki, will also be useful in CF carrier screening programs and of particute 
25 use in CF neonatiu screening in association with immunoreactive trypsin (IRT> (Wilcken e, al, 
J.Pediat„ 1995, 122, 965-970) or pancreatitis-associated protem (PAP) 
(CR.Acad.Sci.Paris/Life Sciences, 1994, 212, 561-564). 
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Table 2 





1 oxai ur 
chromo- 
somes 
screened 


R1 17H 
r\i i f n 


621+1G> 
T 


R334 
W 


/EF508 


1717-1G>A 


G542X 


Europe, 
North 


21,154 


62 


97 


18 


14,866 


160 


439 


Europe, 
South 


7,281 


3 


37 


21 


4,007 


65 


259 


America, 
North 


10,438 


61 


154 


12 


6,900 


44 


234 


America, 

South/ 

Central 


758 






2 


342 
2,309 


12 


38 
56 


Australasia 
Asia, mainly 
Middle East 


3,095 
608 


7 
0 


27 




173 


3 


27 


Africa 
Totals 


515 
43,849 


133 


315 


53 


351 
28,948 


284 


9 

1,062 





G551D 


R553X 


R1162X 


3849+10 
kbC>T 


W1282X 


N1303K 


Minimum 
Detection 
Capability 
(%) 


Europe, 
North 


356 


165 


36 


23 


120 


209 


78.2 


Europe, 
South 


37 


44 


68 


8 


43 


179 


65.5 


America, 
North 


206 


96 


19 


57 


245 


130 


78.2 


America, 

South/ 

Central 


1 


5 








11 


52.4 


Australasia 


117 


11 


2 




6 


23 


83.1 


Asia, mainly 
Middle East 


0 


0 




16 


120 


29 


60.5 


Africa 




1 






2 


8 


72.0 


Totals 


717 


322 


125 


104 


536 


589 


75.7 
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Table 3 



Mutation 

T717-IOA 
n542X 
W1282X 
N1303K 
/FF508 

3849+1 Okb Ol 
621+1 G>T 


Independent 

typina method 3 

ASO 

ASO 

ASO 

ASO 

fciecirupiHJiGoiiJ _ 
Diaest (HphI) 
.Diaest (Msel) 
Diaest (Hindi) 


Totals 

16 
10 
16 
12 
89 
11 
, 7 
15 


R553X 

HS51D 

R117H 

R1162X 

R334W 

Other/none 

Number of samples 
Total number of 
chromosomes 


Diaest (Ndel) 
ASO 

Diaest (Ddel) 
Diaest (Mspl) 

i 


16 
13 
11 
6 

532 

377 1 
754 



01 

US 

h 
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Table 4 



Primer 



Apo B control Forward 



Apo B control Reverse 



Allele specific 



ODC control Forward 



ODC control Reverse 



W1282X Forward 



W1282X Reverse 



1717-1G>A Forward 



G542X Forward 



1717-1G>A/G542X Reverse 



N1303K Reverse 



N1303K Forward 
/EF508 Reverse 



/EF508 Forward 



3849+1 Okb C>T Reverse 



3849+1 Okb C>T Forward 



/EF508 Wild type Reverse 



/EF508 Forward 



621+1 G>T Reverse 



R117H Reverse 



621+1 G>T/R11^A Forward 



R334W Forward 



R334W Re/erse 



G551 D Reverse 



R553X/Reverse 
G55S1D/R553X Forward 



1162X Forward 



/R1162X Reverse 



N 



N 



N 



Tube 



A & B 



A & B 



A&B 



A & B 



N 



N 



D NA sequence (5' to 3') , 

^rAr. AGTACGAAAAACC/ #CT 



AA ACTTTTACAGGGATGGA eAACG 
AGAGGATTATCTATGCA^A I UuTTGT 
AACC 



TCAACTTCACTAIU 
CTAG 



\GTCATCAT 



V/ i r\yj f — — — 

TCTTGGGATT9AATAAC1 I IGCAACA 
GTCA 



GAATTCCCy<MCTTTTAOAUACATC. 



TactaaaAg^actctctaattttcta 

M il l gGTAATTA - 

AGTTTGCAGAGAAAGACAA I ATAGTT 



CJJCT . . — 

^TCTCTACCAAAl C I GGA I ACTAT 

'ACC 



AQQ . 

TG^TCACTCCACTGTTCATAGGGATC 



CATC — — 

AATTTGAGAGAACTTGATGtiTAAGTA 



QA 

GTATCTATATTCATCATAUUAAAi^ 
CATT 



C ATT . — — 

CC AG ACTTCACTTCTAATG A I ^A (TA 



TGGG . — - 

ACATTTCCTTTCAGGGTG 1 CTGACTA 



Y 

"FT 



B 



B 



B 
"IT 



TTGTGGATCAAA 1 I ICAGlTGACTTG 

T CATC — - 

GTATCTATATTCATCATAGiiAAACAC 



CACA — 

GACTTCACTTCTAATGATGA I I A I w 



GAGA . — 

TGCCATGGGGCCTGTGCAAUGAAGT 



ATTGA - 

AGCCTATGCCTAGATAAA 1 CUUGATA 



Y 



B 



N 



Y 



B 



GACT .. - 

GTTTC AC ATAGTGTATG AGUU TCTAT 



ATACACTCATT 

CCTATGCACTAATCAAAGGAATCATC 



CTGT 

TTTGTTTATTGCTCCAAGAUAUTCAT 



ACCA 

GCTAA AGAAATTCT TGC TCGTTGTT 

GACTG ACTGACTGACTG AC I U I omC 
a «t-t a rrr A^nTTnr.TAAAGAAAT 



GACTG ACT GACT 03 AU I ^>au i o i 
TGACTTATTCACCTTGCTAAAGAAAT 

TCTTGCTGA ■ 

TAAAATTGGAGCAATGl 1U1 I lTTGA 



QQ ^ 

TATTTTTATTTCAGATGCGATCTGTG 
AGTT 



Pi^j ij ^ A 

TTTTGCTGTGAGATC1 1 I GACAGTCA 

TTT 



